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1 . 0  PURPOSE AND SCOPE 
The d e f 2 n i t i o n  of antlJral en-JirGnxcnt design requ i r2men ta  f o r  
t h e  S o l a r  E l e c t r i c  Propuls ion Stage (SEPS). 
2 .0  NATURAL ENVIRONMENT - GENERAL 
The n a t u r a l  environment cr i ter ia  g iven  i n  t h i s  r e p o r t  are con- 
s i s t e n t  w i t h  t h o s e  s p e c i f i e d  f o r  t he  Space S h u t t l e  system and w i l l  be  
used f o r  d e s i g n  of t h e  SEPS w i t h  r e s p e c t  t o  r a d i a t i o n  atmospheric  
c h a r a c t e r i s t i c s  a t  o r b i t a l  a l t i t u d e s ,  and o t h e r  p e r t i n e n t  n a t u r a l  
environment requirements .  Design v a l u e  requirements  of n a t u r a l  environ- 
ment parameters  n o t  s p e c i f i c a l l y  def ined  i n  t h i s  r e p o r t  w i l l  be  obta ined  
from NASA TM X-64757, "Terrestrial Environment (Cl imat ic )  Cri ter ia  Guide- 
l i n e s  f o r  Use i n  Aerospace Vehicle Development, 1973 Revis ion ,"  da ted  J u l y  5 ,  
1973 [ 2 ] ,  and NASA TM X-64627, "Space and P l a n e t a r y  Environment Cr i te r ia  
Guide l ines  f o r  Use i n  Space Vehicle  Development, 1971 Revis ion,"  da ted  
November 15,  1972 [l], and subsequent addenda t o  t h o s e  documents. The 
SEPS w i l l  be s u b j e c t  t o  environmental  f a c t o r s  p e c u l i a r  t o  t h e  Space S h u t t l e  
d u r i n g  assembly, checkout ,  launch,  and a t t a i n m e n t  of o r b i t a l  p o s i t i o n i n g  
p r i o r  t o  removal of  t h e  SEPS from the  S h u t t l e  bay; t h e r e f o r e ,  a p p r o p r i a t e  
S h u t t l e  documents should be  consul ted when t h e  SEPS is "cargo" i n  t h e  
Space S h u t t l e .  The SEP S t a g e  may be launched by a T i t a n  IIID/Centaur  
combination. I n  t h i s  c a s e ,  a shroud would be  used t o  p r o t e c t  t h e  s t a g e  
from n a t u r a l  environmental  hazards .  Information g iven  i n  Reference 3 should  
b e  used a long  w i t h  t h e  above mentioned NASA documents when t h e  SEP S t a g e  
i s  n o t  "cargo1' i n  t h e  Space S h u t t l e .  
3 . 0  EARTH ORBITAL ENVIRONMENT 
I b e  used. 
This s e c t i o n  provides  n a t u r a l  environment c r i t e r i a  f o r  u s e  i n  
s t u d i e s  r e l a t e d  t o  t h e  Solar  E l e c t r i c  P r o p u l s i o n  S t a g e  dur ing  earth 
o r b i t a l  phases.  Values of n a t u r a l  environment parameters  n o t  s p e c i f i c a l l y  
def ined  below w i 1 . l  be obta ined  from Reference 1. 
3 . 1  N e u t r a l  Gas P r o p e r t i e s  
3 .1 .1  The J a c c h i a  1970 Model Atmosphere w i l l  be used. See 
Appendix B y  NASA TM X-64627 f o r  d e t a i l s .  
3.1.2 The d e s i g n  s t e a d y - s t a t e  v a l u e s  of t h e  o r b i t a l  n e u t r a l  
a tmospheric  gas  p r o p e r t i e s  s h a l l  b e  c a l c u l a t e d  u s i n g  a 
v a l u e  of 230 f o r  t h e  mean 10.7 c m  s o l a r  f l u x  and a 
geomagnetic index  (a ) of 20.3 w i t h  a l o c a l  t i m e  of 
day of  0900 h r  as i n p u t s  t o  t h e  J a c c h i a  1970 Model 
P 
Atmosphere. 
3 . 1 . 3  The  d e s i g n  shor t - t ime extreme v a l u e s  of t h e  atmospheric  
gas  p r o p e r t i e s  s h a l l  be  c a l c u l a t e d  u s i n g  a v a l u e  of 
230 f o r  t h e  mean 10.7 c m  s o l a r  f l u x  and a geomagnetic 
index (a ) v a l u e  of 400, and a l o c a l  t i m e  of day of 
1400 h r  as i n p u t  t o  t h e  J a c c h i a  1970 Model Atmosphere. 
P 
These o r b i t a l  n e u t r a l  a tmospheric  g a s  p r o p e r t y  v a l u e s  
r e p r e s e n t  a n  estimate of t h e  c o n d i t i o n s  t h a t  may occur  
f o r  a s h o r t  per iod  of t i m e  (12  t o  36 h r s )  dur ing  a n  
extremely l a r g e  magnetic s torm.  
3.1.4 Exosphere (37,000 km Geosynchronous O r b i t a l  A l t i t u d e )  - 
The d a t a  g iven  i n  S e c t i o n  2.2.2 of NASA TM X-64627 s h a l l  
4.0  CPWGED PARTICLES 
The e l e c t r o n  d e n s i t y  v a l u e s  and d a t a  i n  S e c t i o n  2.3 of NASA TM 
X-64627 s h a l l  be  used. 
5.0 RADIATION 
I n  a d d i t i o n  t o  t h e  fo l lowing ,  u s e  Sec t ion  2.4 of NASA TM X-64627.  
The S o l a r  Electric Propuls ion  S tage  s h a l l  b e  designed t o  p r o v i d e  necessary  
p r o t e c t i o n  t o  i n s u r e  t h e  sa fe  dosage l i m i t s  of t h e  equipment are n o t  
exceeded. 
5 . 1  Galactic Cosmic Radiat ion - G a l a c t i c  cosmic r a d i a t i o n  c o n s i s t s  
of low i n t e n s i t y ,  extremely high energy charged p a r t i c l e s .  
p a r t i c l e s ,  about 85 percent  pro tons ,  1 3  p e r c e n t  a l p h a s ,  and t h e  
remainder h e a v i e r  n u c l e i ,  bombard t h e  s o l a r  system from a l l  d i r e c -  
t i o n s .  
p e r  p a r t i c l e  and are encounteres  e s s e n t i a l l y  everywhere i n  space .  
The i n t e n s i t y  of t h i s  environment i n  "free-space,"  e . g . ,  o u t s i d e  
t h e  i n f l u e n c e  of t h e  earth's magnetic f i e l d ,  i s  r e l a t i v e l y  c o n s t a n t  
( . 2  t o  . 4  p a r t i c l e s  p e r  squere  c e n t i m e t e r  per  s t e r a d i a n  p e r  second) 
except  d u r i n g  per iods  of enhanced s o l a r  a c t i v i t y  when t h e  f l u x e s  of 
cosmic r a y s  have been observed t o  d e c r e a s e  due t o  an i n c r e a s e  i n  t h e  
s t r e n g t h  of  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  which ac t s  as a s h i e l d  
t o  incoming p a r t i c l e s .  Near t h e  e a r t h ,  cosmic r a y s  are  s i m i l a r l y  
inf luenced  by t h e  ear th 's  magnetic f i e l d  r e s u h i n g  i n  a s p a t i a l  
v a r i a t i o n  i n  their  i n t e n s i t y .  The extreme of t h e  g a l a c t i c  cosmic 
r a y  environment i s  a t  sunspot  minimum. The environment is  c o n s t a n t  
and may be  s c a l e d  down t o  24  hours .  See Sec t ion  2.4.1 of NASA 
TM X-64627 f o r  a d d i t i o n a l  d a t a  on t h i s  s u b j e c t .  
These 
They have e n e r g i e s  from lo8  t o  lo1' e l e c t r o n  v o l t s  (ev) 
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Estimates of t h e  d a i l y  cosmic r ay  d o s e  f o r  t h e  v a r i o u s  o r b i t s  
are shown i n  Table  1. These should be cons idered  i n  t h e  SEPS 
s t u d i e s .  
Table 1. G a l a c t i c  Cosmic Ray Dose (FEM/Day) 
S o l a r  Maximum 
S o l a r  Minimum 
I 
255 n.m. 200 n.m. Geo- 
55O I n c l .  P o l a r  synchronous 
0.005 0.008 0.024 
0.008 0.013 0.036 
5.2 Trapped Radia t ion  - The t rapped  r a d i a t i o n  environment w i l l  be  
taken  from m o s t  r e c e n t  d a t a  of NASA SP-3024 ( c u r r e n t l y  i n  s i x  volumes) 
o r  from t h e  TRECO computer code a v a i l a b l e  from t h e  Na t iona l  Space 
Sc ience  Data Cen te r ,  NASA/Goddard Space F l i g h t  Cen te r ,  and merged 
wi th  t r a j e c t o r y  informat ion  t o  f i n d  p a r t i c l e  f l u x e s  and s p e c t r a .  
The f l u x e s  and s p e c t r a  w i l l  b e  converted t o  dose by d a t a  and/or  
computer codes provided by MSFC/S&E-SSL-NR (see S e c t i o n  2.4.2 of 
NASA TM X-64627). 
5 .2 .1  Near-Earth Environment - The r a d i a t i o n  b e l t s  t rapped  
nea r  t h e  e a r t h  a re  approximately az imutha l ly  symmetric, w i t h  
t h e  except ion  of t h e  South A t l a n t i c  Anomaly where t h e  r a d i a -  
t i o n  b e l t s  r each  t h e i r  lowes t  a l t i t u d e .  
r i n g  trapped r a d i a t i o n  environment i n  t h e  anomaly r e g i o n  
remains f a i r l y  c o n s t a n t  w i th  t i m e  a l t hough  i t  does  f l u c t u a t e  
w i t h  s o l a r  a c t i v i t y .  E l e c t r o n s  w i l l  be  encountered a t  low 
a l t i t u d e s  i n  t h e  anomaly r e g i o n  as w e l l  as i n  t h e  a u r o r a l  zones.  
5.2.2 Synchronous O r b i t  A l t i t u d e  Environment - The t r apped  
Pro ton  environment a t  synchronous o r b i t  a l t i t u d e  i s  of no d i r e c t  
The n a t u r a l l y  occur- 
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b i o l o g i c a l  s i g n i f i c a n c e ,  b u t  may cause  d e t e r i o r a t i o n  of 
material s u r f a c e s  over  long exposure t i m e s .  
a t  t h i s  a l t i t u d e  i s  composed of only low energy pro tons  (less 
than 4 MeV) and is on t h e  o r d e r  of 10 protons/cm -sec. 
The t rapped  e l e c t r o n  environment a t  synchronous a l t i t u d e  
i s  c h a r a c t e r i z e d  by v a r i a t i o n s  i n  p a r t i c l e  i n t e n s i t y  of 
s e v e r a l  o r d e r s  of magnitude over  p e r i o d s  as s h o r t  a s  a f e w  
hours .  However, f o r  extended synchronous a l t i t u d e  m i s s i o n s ,  
a l o c a l  t i m e  averaged environment c a n  b e  used. See S e c t i o n  
2.4.2.2 of  NASA TM X-64627 f o r  a d d i t i o n a l  d a t a .  
S o l a r  P a r t i c l e  Events  - S o l a r  p a r t i c l e  e v e n t s  a re  t h e  emission 
The pro ton  f l u x  
5 2 
5 .3  
of  charged p a r t i c l e s  from d i s t r u b e d  r e g i o n s  on t h e  sun  d u r i n g  s o l a r  
f l a r e s .  They are  composed of e n e r g e t i c  p r o t o n s  and a l p h a  p a r t i c l e s  
t h a t  occur  s p o r a d i c a l l y  and last f o r  several days .  
p a r t i c l e  event  model t o  b e  used f o r  the SEPS o r b i t a l  s t u d i e s  is g iven  
i n  S e c t i o n  2.4.3.1 of NASA TM X-64627. 
The f ree-space  
6 . 0  GEOMAGNETIC ENVIRONMENT 
The v a l u e s  given i n  S e c t i o n  2.6 of NASA TM X-64627 s h a l l  b e  used. 
7 . 0  METEOROIDS 
The SEP S t a g e  sha l l  b e  designed f o r  a t  least a 0 . 9 5  p r o b a b i l i t y  of 
no puncture  d u r i n g  t h e  maximum t o t a l  t i m e  i n  o r b i t  u s i n g  t h e  meteoroid 
model d e f i n e d  i n  S e c t i o n  2 . 5 . 1  of NASA TM X-64627. 
7 . 1  Meteoroid Impact - The SEP S t a g e  s h a l l  p rovide  p r o t e c t i o n  
a g a i n s t  loss of f u n c t i o n a l  c a p a b i l i t y  of s e l e c t e d  c r i t i c a l  i t e m s  
when s u b j e c t e d  t o  t h e  meteoroid f l u x  model as d e f i n e d  i n  NASA 
TM X-64627. 
on each i t e m  dependent upon f u n c t i o n a l  c r i t i c a l i t y .  
The p r o b a b i l i t y  of no p e n e t r a t i o n  sha l l  be a s s e s s e d  
8.0 ASTRODYNAMIC CONSTANTS 
The va lues  g iven  i n  S e c t i o n  1 .6  and 2.7 of NASA TM X-64627 s h a l l  
b e  used. 
9.0 INTERPLANETARY SPACE 
I n t e r p l a n e t a r y  space  i s  d e f i n e d  as t h e  r e g i o n  from t h e  sun  t o  t h e  
o u t e r  l i m i t s  of  t h e  s o l a r  system, exclusive of t h o s e  s p h e r e s  under t h e  
i n f l u e n c e  of t h e  i n d i v i d u a l  p l a n e t a r y  systems.  
9 . 1  G a s  P r o p e r t i e s  - The sun is  coupled t o  the environments of 
t h e  p l a n e t s  through t h e  i n t e r p l a n e t a r y  medium. The s u n ' s  v a r y i n g  
i n p u t  t o  t h i s  medium and i ts  impact on s o l a r  wind p a r t i c l e  
r a d i a t i o n  and plasma f low i s  of pr imary concern.  For d e s i g n  
purposes ,  t h e  fo l lowing  gas  p r o p e r t i e s  should b e  employed. 
9 .1 .1  K i n e t i c  Gas Temperature 
Approximately 2 x l o 5  OK 
9 .1 .2  G a s  P r e s s u r e  
2 Approximately 10-lOdynes/crn 
9 .1 .3  Density 
-23 3 Approximately 1 0  g m / c m  
9.1.4 Composition 
The composition of i n t e r p l a n e t a r y  s p a c e  i s  p r i m a r i l y  
hydrogen, p r o t o n s ,  helium, and a l p h a  p a r t i c l e s .  
9 .2  Radia t ion  Environment - The informat ion  g iven  i n  S e c t i o n  1 . 3  
of  NASA TM X-64627 shall b e  used. 
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9 .3  Meteoroids ,  As te ro ids ,  Comets - The va lues  g iven  i n  
S e c t i o n  i.4 of iu’ASA TN X-64627 s h a l l  be used. 
9.4 Geomagnetic Environment - The va lues  given i n  Sec t ion  1 .5  
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